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ARTICLE 

Plasma Cytokine and Endotoxin Levels 
Correlate with Survival in Patients with 
the Sepsis Syndrome 

► Lany C. Casey; Robert A. Balk; and Roger C. Bone 

15 October 1993 | Volume 119 Issue 8 | Pages 771-778 

Objective: To determine whether plasma tumor necrosis factor-tar (TNF-a), 
interleukin-1 (I (IL-1 fl), interIeukin-6 (IL-6), and lipopolysaccharide are 
detectable in patients when they first present with the sepsis syndrome and to 
detenmine whether levels correlate with patient survival. 

Design: Prospective study comparing patients with the sepsis syndrome, 
critically ill patients without sepsis, and nonmal healthy volunteers. 

Setting: Tertiary care hospital affiliated with a medical school. 

Patients: The study included 97 consecutive patients on a medical service who 
met the criteria for the sepsis syndrome; 20 critically ill patients without sepsis 
who were in the medical intensive care unit; and 20 healthy volunteers who 
served as comparison groups. 
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fVleasurements: Plasma tumor necrosis factor-or, IL-1 (i, interleukin-6, and 

endotoxin (lipopolysaccharide) levels were measured when a patient was first identified as having the sepsis 
syndrome. Survival was defined as being alive 30 days after the sepsis syndrome was diagnosed. 

Results: Fifty-four percent of patients with the sepsis syndrome had detectable levels of TNF-a (median, 26 
pg/mL; range, nondetectable to 1000 pg/mL); 37% had detectable levels of IL-1 (median, 20 pg/mL; range, 
nondetectable to 2850 pg/mL); 80% had detectable levels of IL-6 (median, 415 pg/mL; range, nondetectable to 
2380 pg/mL); and 89% had detectable levels of lipopolysaccharide (median, 2.6; range, nondetectable to 12.5 
(Endotoxin units [EUMmL). In all cases, levels were higher than those in critically ill patients without sepsis and 
normal healthy controls (P < 0.001 for all comparisons). Plasma levels of TNF-or. IL-1 li, IL-6, and 
lipopolysaccharide were detectable in patients regardless of culture status. The IL-6 level was 69% (95% CI, 30% 
to 108%) higher in patients who died compared with those who survived. The scores for the individual levels of 
TNF-a. IL-1 (i, IL-6, and lipopolysaccharide were summed to arrive at a total lipopolysaccharide-cytokine score, 
and mortality increased with lipopolysaccharide-cytokine score (P < 0.001). 

Conclusions: Patients with the sepsis syndrome have detectable levels of circulating TNF-or, IL-1 , IL-6, and 
lipopolysaccharide independent oif culture-documented infection. Lipopolysaccharide and cytokines may play a 
pathogenic role in sepsis, and the combination of several elevated factors may be important in determining patient 
survival. 
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' Sepsis is the 13th leading cause of death in the United States. From 1979 through 1987, sepsis was included in 
the discharge diagnosis of 2 570 000 hospitalized patients. Furthermore, the incidence of sepsis continues to 
increase and. despite the use of modem antibiotics and supportive therapy, the mortality rate for patients with the 
sepsis syndrome remains high (40% to 60%) [1-3] , 

The cascade of events leading from bacterial infection to the development of organ failure and death are poorly 
understood. Previous work suggested that a portion of the cell wall of gram-negative bacteria, called 
lipopolysaccharide, was the agent by which gram-negative bacteria started this cascade, causing organ failure 
and death 141. Further evidence supporting a role for lipopolysaccharide in gram-negative sepsis comes from 
recent multicenter clinical trials that found improved survival in subgroups of patients with sepsis who were treated 
with monoclonal antibodies to lipopolysaccharide [5. 6]. 

Recently, it was recognized that lipopolysaccharide is not directly responsible for the adverse sequelae of sepsis. 
Instead, lipopolysaccharide stimulates the production and release of numerous endogenous mediators, the 
actions of which are responsible for the pathophysiologic changes and the mortality associated with sepsis. Three 
cytokines— tumor necrosis factor-a (TNF-a). interleukin-1 IJ (IL-1 B), and interleukin-6 (IL-6)— were recently 
implicated as important mediators of sepsis. 

Tumor necrosis factor-a (also known as cachectin) was the first cytokine implicated in the pathogenesis of sepsis 
IZl- Intravenous infusion of lipopolysaccharide into laboratory animals or humans causes the appearance of TNF^ 
in the bloodstream [8. 9] . The C3H/HeJ mouse, which is resistant to lipopolysaccharide, is also genetically 
deficient in its ability to produce TNF-a. However, this mouse is sensitive to the infusion of exogenous TNF-a HQl. 
Pretreatment of mice or baboons with antibody to TNF-a improved survival after the infusion of endotoxin or live 
Escherichia coll [11. 12] . Recent clinical studies in patients with meningitis found a positive correlation between 
high levels of plasma TNF-a and mortality [131. Multicenter clinical trials using monoclonal antibodies to TNF-a or 
7ls|F-a -soluble receptors have recently been completed. These studies implicate TNF-a as an important mediator 
in sepsis. 

Interleukin-1 (i has also been implicated in the pathogenesis of sepsis. lnterIeukin-1 (IL-1 ) was previously called 
endogenous pyrogen, leukocyte endogenous mediator, and leukocyte-activating factor [141. Infusion of IL-1 
causes hypotension, and it acts synergistically with other cytokines to cause tissue injury [151. Plasma levels of IL- 
1 B do not consistently increase in humans who are given intravenous lipopolysaccharide [161 or in patients with 
sepsis [171. Recently, the administration of an endogenous IL-1 -receptor antagonist in animal models of sepsis 
improved survival [181, which suggests that IL-1 may be an important mediator of sepsis. Multicenter clinical trials 
using IL-1 -receptor antagonist were recently completed. 

Previously called B-cell growth factor, IL-6 is the cytokine that best correlates with mortality in patients with sepsis 
[19, 20] , The infusion of IL-6 causes no adverse hemodynamic changes [21J. The studies suggest that IL-6 may 
be a marker of systemic inflammation rather than a mediator of sepsis [19-21] . 

To determine the relation between plasma levels of TNF-a, IL-1 (S, IL-6, and lipopolysaccharide and outcome in 
patients with sepsis, we studied lipopolysaccharide and cytokine levels in 97 patients with the sepsis syndrome. 
The mediators were all elevated in patients with the sepsis syndrome, as compared with critically ill patients 
without sepsis and normal controls. Elevated levels occunred independent of the presence or absence of culture- 
documented infection. A score based on the magnitude of the levels of lipopolysaccharide, TNF-a, IL-1 fl, and IL-6 
(lipopolysaccharide-cytokine score) was developed and strongly correlated with mortality. These data provide 
important information about cytokine and lipopolysaccharide levels in patients with the sepsis syndrome when 
they are first identified and support future clinical trials aimed at determining whether cytokine inhibition may be an 
alternative strategy for treating patients with sepsis. 



Methods 
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Patients ^ Top 

- Methods 

The study group included 97 patients with the sepsis syndrome, 20 critically ill ^ Results 

patients without sepsis in the medical intensive care unit, and 20 healthy controls. ^ AuthorTArticle Info 
The criteria for inclusion in the group with sepsis syndrome have been previously ^ References 
reported [22] and include fever (temperature >38.3 °C) or hypothermia (temperature 

<35.5 X). tachycardia (>90 beats/min), tachypnea (>20 breaths/min), clinical suspicion of infection, and at least 
one of the following: hypoxemia (PaOj <72 mm Hg on room air or Pao,p,02 <280), oliguria (urine output <30 mL 
or 0.5 mL/kg body weight for 1 hour), unexplained metabolic acidosis (or an elevated plasma lactate jevel), or a 
recent change in mental status. Patients were identified by a full-time clinical coordinator who surveyed the 
medical services for patients who met the criteria for the sepsis syndrome. Admission to the medical intensive 
care unit was not a prerequisite for patient identification. Critically ill patients without sepsis who were in the 
intensive care unit served as one group of controls; these patients' diagnoses included acute myocardial infarction 
(n = 4), severe congestive heart failure (n = 7), cardiogenic shock (n = 5). pulmonary embolism (n = 2). and 
intracranial hemorrhage (n = 2). Laboratory technicians and physicians served as normal, healthy controls (n = 
20). 



Patients known or suspected to have the acquired immunodeficiency syndrome (AIDS) were excluded from the 
study. All patients with sepsis were treated by their own physicians using standard therapy for sepsis or septic 
shock. This study was approved by the Committee for the Protection of Human Subjects from Research Risks at 
Rush-Presbyterian-St. Luke's Medical Center. 



Study Design 

Every effort was made to identify patients with the sepsis syndrome as early as possible in their hospital course. 
This was accomplished through the use of full-time clinical coordinators and through the cooperation of the 
medical housestaff. Within 30 minutes of the time that a patient was identified as meeting the criteria for the sepsis 
syndrome, blood (7 mL) was collected into endotoxin-free tubes containing disodium EDTA 
(ethylenediaminetetraacetic acid). Plasma was separated by centrifugation, aliquoted, and frozen ( -'70°C) until 
assayed for lipopolysaccharide and cytokines. 



Patient survival was defined as being alive 30 days after meeting criteria for the sepsis syndrome. Hypotension 
was defined as a systolic blood pressure of less than 90 mm Hg or a decrease of more than 40 mm Hg from the 
baseline value, where the blood pressure improved with the infusion of intravenous fluids. Shock was defined as 
hypotension (systolic blood pressure <90 mm Hg or a decrease in systolic blood pressure >40 mm Hg) that was 
unresponsive to intravenous fluids and occurring in conjunction with an elevated plasma lactate level or 
unexplained metabolic acidosis with an anion gap. 



Plasma Cytokines 

Plasma TNF-a concentrations were quantitated using a TNF-o-specific enzyme-linked immunosorbent assay 
(ELISA) (T Cell Science, Cambridge, Massachusetts) according to the manufacturer's instructions. Samples with 
high levels of TNF-a were diluted and re-assayed. This assay detected only human TNF-a and the lower limit of 
detection in our laboratory was 20 pg/mL. This assay detected TNF-c even if it was bound to its soluble receptor. 
The interassay coefficient of variability was 1 5%. Recovery of exogenous TNF-a (1 00 pg/mL) added to EDTA- 
treated plasma from septic patients with low TNF-a levels was greater than 90%. 



Plasma IL-1 fi was measured by ELISA (Citron Biotechnologies. Pine Brook, New Jersey) according to the 
manufacturer's instructions. This assay detected only IL-1 IJ and the lower limit of detection in our laboratory was 
20 pg/mL. Recovery of exogenously added 17-kd recombinant human IL-1 (100 pg/mL) from EDTA-treated 
plasma obtained from patients with sepsis who had low plasma immunoreactive IL-1 levels was greater than 85% 
(range, 85% to 100%). 
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Plasma IL-6 was measured using an ELISA (R&D Systems, Minneapolis, Minnesota) according to the 
manufacturer's instructions. This assay detected only IL-6, and the lower limit of detection in our laboratory was 20 
pg/mL. Recovery of recombinant human IL-6 from EDTA-treated plasma from septic patients who had low levels 
of IL-6 was greater than 90%. 

Cytokine Assay Validation 

To show the ability of the ELISAs to detect cytokines produced by blood cells in response to lipopolysaccharlde, 
we incubated heparinized whole blood obtained from normal healthy controls with lipopolysaccharlde (10 ng/mL). 
The addition of pyrogen-free saline to heparinized whole blood resulted in no detectable level of TNFna, IL-1 (1. or 
IL-6. The addition of lipopolysaccharide (10 ng/mL) caused a time-dependent appearance of cytokines. Plasma 
levels of TNF-a reached a maximum at 4 hours, with peak levels of approximately 12 000 pg/mL. After 4 hours, 
the levels decreased, and by 24 hours the levels were frequently nondetectable. Plasma IL-1 li was nondetectable 
at time 0 after the addition of lipopolysaccharide, and levels did not begin to increase until 4 hours after the 
addition of lipopolysaccharide. Maximum levels of IL-1 fi were reached after 24 hours (approximately 6000 
pg/mL). Plasma levels of IL-6 were initially nondetectable. had a delayed onset of increase, and reached 
approximately 20 000 pg/mL after 24 hours. 

In this whole-blood system, we also assayed for bioactive TNF (L929 cell lysis). The time course of the 
appearance of bioactive TNF was identical to that of immunoreactive TNF. The correlation between 
immunoreactlve and bioactive TNF was 0.90. 

Lipopolysaccharide Assay 

We assessed lipopolysaccharlde using a quantitative chromogenic LImulus amebocyte lysate assay (QCL-1000, 
Whittaker MA Bioproducts, Walkersville, Maryland) according to the manufacturer's instructions. Blood was 
drawn aseptically into lipopolysaccharide-free tubes. Empty blood-collection tubes were selected at random and 
tested for lipopolysaccharide by placing pyrogen-free water into the tubes and then assaying for 
lipopolysaccharide. No lipopolysaccharide was detected in the blood-collection tubes containing pyrogen-free 
water under these conditions. All samples were processed in a laminar flow hood. To minimize nonspecific 
plasma inhibitors, samples were diluted with pyrooeo-free water and heat inactivated at 100 X for 10 minutes 
[23]. Escherichia coli 055:85 reference endotoxinjh endotoxin unit [EU] N 0.6 ng/mL) was used for the standard 
curve (Whittaker M.A. Bioproducts). The lower limiFof detection was O.-TEU/mL. No differences were observed 
between standard curves made using diluted heat-inactivated plasma or pyrogen-free water. The presence of 
bilirubin did not interfere with the assay. 

Data Analysis 

statistical calculations were done using Systat. For data that were not normally distributed, the Mann-Whitney U 
test was used if only two groups were being compared; the Kruskal-Wallis one-way analysis of variance was used 
if more than two groups were being compared. For normally distributed data, analysis of variance was used. 
Spearman rank correlation was used to determine if there were correlations between variables. Plasma 
lipopolysaccharide and cytokine levels were divided into three categories. Stem and leaf plots were used to obtain 
the median and upper and lower hinges. The median splits the ordered data in half, and the hinges split each half 
once more. The lower hinge was used to split the data between category 1 and category 2, and the upper hinge to 
split the data between category 2 and category 3. An lipopolysaccharide-cytokine score was calculated by 
assigning a value of 0 if the level was in category 1 , a value of 2 if the level was in category 2, or a value of 4 if the 
level was in category 3 (Table 1 ). The scores for individual levels of TNF-ct, IL-1 B, IL-6, and lipopolysaccharide 
were then summed to arrive at a total lipopolysaccharide-cytokine score. The associations between mortality and 
the categorized levels were analyzed using the chi-square test for trends. Levels that were nondetectable were 
assigned a value equal to the lower limit of detection for the assay. The level of significance was set at P < 0.05. 
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Of the 97 patients with the sepsis syndrome, 49 were men and 48 were women. The 
mean age was 60 years (range, 18 to 90 years). Patient survival was 54%. Forty 
patients had hypotension, and 17 had septic shock; a site of infection was 
established by culture in 44 patients, of whom 35 had bacteremia. Of the 35 patients with bacteremia, 1 6 had 
gram-negative bacteremia, 17 had gram-positive bacteremia, and 2 had both gram-positive and gram-negative 
bacteremia. Of the 53 patients who did not have culture-documented infection, 38 (71%) had a clinical diagnosis 
of pneumonia (based on chest radiograph, physical examination, and a Gram stain of the sputum). 10 (19%) had 
peritonitis, 2 (4%) were thought to have had urosepsis, 1 (2%) had culture-negative endocarditis 
(echocardiographic demonstration of vegetations on valves), 1 (2%) had cellulitis, and 1 (2%) had pulmonary 
infarction. 



Plasma Cytokines and Lipopolysaccharide 

At the time of the identification of patients with the sepsis syndrome. 54% had a detectable level of plasma TNF-a 
(median, 26 pg/mL; range, nondetectable to 1000 pg/mL), 37% had a detectable level of IL-1 (I (median, 20 
pg/mL; range, nondetectable to 2850 pg/mL), 80% had a detectable level of IL-6 (median, 41 5 pg/mL; range, 
nondetectable to 2380 pg/mL). and 89% had a detectable level of lipopolysaccharide (median, 2.6 EU/mL; range, 
nondetectable to 12.5 EU/mL). To determine if plasma levels of TNF-a, IL-1 B, IL-6. and lipopolysaccharide were 
elevated in patients with the sepsis syndrome, comparisons were made between critically ill patients without 
sepsis and normal healthy controls (Figure 1 ). The mean plasma TNF-a level was higher in patients with the 
sepsis syndrome (92 pg/mL) than in either the critically ill group (20 pg/mL. P < 0.001) or the control group (30 
pg/mL, P < 0.001). The mean plasma IL-1 (I level was higher in the group with the sepsis syndrome (267 pg/mL) 
than in the critically ill group (20 pg/mL, P < 0.001) or the control group (20 pg/mL, P < 0.001). The mean plasma 
IL-6 level was higher in the group with the sepsis syndrome (730 pg/mL) than in either the critically ill group (519 
pg/mL, P < 0,001) or the control group (197 pg/mL, P < 0.001). The mean plasma lipopolysaccharide level was 
higher in the group with the sepsis syndrome (3.45 EU/mL) than in the critically ill group (1 .80 EU/mL, P = 0.02) or 
the control group (0.04 EU/mL, P < 0.001). Thus, patients with the sepsis syndrome have elevated plasma levels 
of TNF-a. IL-1 (I. IL-6, and lipopolysaccharide as compared with critically ill patients who do not have sepsis or 
normal, healthy controls. 




View larger version (20K): 
[in this windowl 



Figure 1. Comparison of plasma lipopolysaccharide, 
tumor necrosis factor-a, interleukin-1 B, and 
interleukin-6 levels in patients with the sepsis 
syndrome (n = 97), patients in medical intensive 
care who did not have sepsis (n = 20), and normal 
healthy controls (n = 20). Plasma samples were 
obtained immediately after the identification of patients 
with the sepsis syndrome and critically ill patients 
without sepsis who were in medical intensive care 
(MICU). The three groups differed regarding plasma 
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[in a new window] levels of tumor necrosis factor-a (TNF), interleukin-1 (i 

(IL-1 li), interleukin-6 (IL-6), and lipopolysaccharide 
(LPS) (P < 0.001 for all comparisons). Plasma TNF. IL-1 
B, IL-6, and lipopolysaccharide levels were elevated in 
patients with sepsis as compared with both critically ill 
patients without sepsis (P < 0.01 for all comparisons) 
and normal controls (P < 0.001 for all comparisons). 



Although 53 of the patients had TNF-a that was detected by ELISA, the levels were too low to be detected by 
bioassay. Only 4 patients had extremely elevated TNF-a as measured by ELISA. Bioactive TNF was present in 
these samples, but the levels did not correlate with the immunoreactive levels. 

Mean plasma levels of lipopolysaccharide, TNF-a, IL-1 (J, and IL-6 for patients with the sepsis syndrome are 
shown in Table 2 according to culture results. Plasma levels of TNF-a differed among patients according to culture 
status (P < 0.01 ). Levels of TNF-a were higher in patients with gram-negative bacteremia than in those with gram- 
positive bacteremia (P = 0.04), but patients with gram-positive bacteremia had a higher mortality rate (65% 
compared with 38%, P - 0.1). 



View this table: Table 2. Plasma Tumor Necrosis Factor^, Interleukin-1 B, 
[in this window] |nterleukin-6, and Lipopolysaccharide Levels according to Culture 
fin a new window] ^^3^,43* 



Mean plasma levels of TNF-a, IL-1 li. and lipopolysaccharide did not differ (P > 0.2) between patients who 
survived or died (Figure 2 ). However, the mean plasma IL-6 level was 69% (95% CI, 30% to 108%; P < 0.01) 
higher in patients who died ( Figure 2 ). Because many patients had nondetectable levels of cytokines, the 
comparison of survivors and nonsurvivors may hide an effect for those patients with elevated levels. To further 
evaluate the relations among plasma cytokine levels, lipopolysaccharide, and mortality, plasma levels of the 
mediators were divided into three categories (see Table 1 ). No relation was observed between the categorized 
level of lipopolysaccharide and mortality [P> 0.2] ( Figure 3 ). Associations were found between categorized levels 
of TNFntt and mortality (P = 0.047), IL-1 (I and mortality (P < 0.01 ), and IL-6 and mortality (P < 0.01 ) (Figure 3). 
Mortality increased with increasing lipopolysaccharide-cytokine score (P < 0.001) ( Figure 4 ). 



Figure 2. Plasma tumor necrosis factor-a, 
interleukin-1 jnterleukin-6, and lipopolysaccharide 
levels in patients witli the sepsis syndrome who 
survived or died. Plasma interleukin-6 (IL-6) was 
elevated in patients who died (P< 0.01). No differences 
were observed in plasma tumor necrosis factor-or (TNF), 
interleukin-1 B (IL-1), or lipopolysaccharide (LPS) levels 
between patients who survived and those who died (P > 

View larger version (1 7K): 0.2). 
[in this window] 
[in a new window! 



Figure 3. Relations between categorized levels of 
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tumor necrosis factor-^ (TNF), interleukin-1 li (IL-1), 
interleukin-6 (IL-6), and lipopolysaccharide (LPS) 
(see Table 1 and mortality from the sepsis 
syndrome. Mortality increased with increasing 
categorized plasma levels of TNF-a [P = 0.047], IL-1 (P 
< 0.01 ), and IL-6 (P < 0.01 ) but not with 
lipopolysaccharide level (P> 0.2). The number of 
patients in each category is indicated at the top of each 
bar. 
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Figure 4. Relation between lipopolysaccharide- 
cytokine score and mortality from the sepsis 
syndrome. A unit increase in the lipopolysaccharide- 
cytokine score was associated with a 5% increase in 
mortality (P < 0.001 ). The numbers under the points 
represent the number of patients with that score. 



Discussion 

^ Top 

Our study shows that patients with the sepsis syndrome have elevated plasma levels ^ Methods 
of lipopolysaccharide. TNF-a, IL-1 (i. and IL-6. These elevated levels were ^ Results 

independent of the presence or absence of culture-documented infection. The . Discussion 

individual cytokine level that best correlated with mortality was the IL-6 level; ▼ Author & Article Info 

however, a better correlation was found between lipopolysaccharide-cytokine score ^ References 
and mortality. These data suggest that lipopolysaccharide and cytokines play a role in 

the pathogenesis of sepsis and that low-level elevations or combinations of lipopolysaccharide and TNF-a. IL-1 6, 
or IL-6 may be as important in determining patient survival as are large increases in either the lipopolysaccharide 
level or the level of any one of the cytokines. 

Our data were obtained using sensitive and specific ELISAs for TNFncv, IL-1 B, and IL-6, Nevertheless, several 
factors could potentially confound the interpretation of the data: 1 ) The assays used in our study detect the 
presence of immunologically reactive material, which may or may not be biologically active; 2) circulating soluble 
receptors or inhibitors may bind to the cytokine and neutralize its biological activity, which may or may not interfere 
with the immunologic assay; and 3) other factors in plasma may potentially interfere with the cytokine assays. 

Quantitative assays for lipopolysaccharide are notoriously problematic. Because of the sensitivity of the assay, the 
most common problem is false-positive readings due to sample contamination. Plasma may contain inhibitory 



http://www.annals.0rg/cgi/content/full/l 19/8/77 1 



9/26/2006 



Plasma Cytokine and Endotoxin Levels Correlate with Survival in Patients v^ith the Sepsi... Page 8 of 27 



factors that interfere with the assay. Some of these factors (for example, bactericidal permeability increasing 
protein and some lipoproteins) may bind lipopolysaccharide and modify its activity. The Limulus assay is a 
complex assay involving several different enzymes. Thus, the quantitation of endotoxin may not be absolute. 

In addition to the potential problems with the assays, another important consideration is the time at which the 
samples were collected relative to the onset of sepsis. In a clinical study, it is not possible to determine the exact 
time of onset of sepsis. Although we attempted to identify patients when they first developed manifestations of 
sepsis, it is likely that patients presented at different stages. Thus, we may have missed the transient elevation in 
plasma TNF-a. Nevertheless, our data represent the cytokine and lipopolysaccharide levels present in patients at 
the time they are identified as having sepsis, are enrolled in clinical trials, or are begun on therapy. 

Despite these limitations in assay method and timely patient identification, we found correlations between 
mortality and plasma levels of cytokines and lipopolysaccharide. Although this correlation does not imply cause 
and effect, it does warrant further investigation using selective monoclonal antibodies, soluble receptors, or 
receptor antagonists as new approaches for treating sepsis. Other cytokines, including IL-8 and IL-10, may also 
play important roles in sepsis. 

The sepsis syndrome consists of a collection of clinical manifestations of sepsis with evidence of organ 
dysfunction. Patients with this syndrome have a high mortality rate (20% to 30%), independent of the presence of 
culture-documented infection [2. 31 . In several multicenter clinical trials that included patients with the sepsis 
syndrome, patients with and patients without culture-documented infection had similar mortality rates [2. 3]. This 
was also true in our study. We found that patients who did not have culture-documented infection still had 
elevated plasma lipopolysaccharide. TNF-a, IL-1 B. and IL-6 levels. Even though blood cultures were negative, it 
is still likely that these patients were infected. The most common site of infection in our patients with negative 
cultures was the lung. Sputum cultures are commonly negative and are not a reliable standard for diagnosing 
pneumonia 124]. Because the infusion of cytokines is known to reproduce clinical manifestations of the sepsis 
syndrome [251, any disease process— independent of the presence or absence of infection— that Induces a 
systemic inflammatory response by the systemic production of cytokines could produce a clinical picture that 
resembles the sepsis syndrome. Although infection is the most common cause of a systemic inflammatory 
response, it is now recognized that burns 126], trauma {271, pancreatitis {281, transplant rejection {291. 0KT3 
monoclonal antibody administration [301. autoimmune disease 1311, and the infusion of cytokines as 
chemotherapeutic agents can produce a picture that is clinically indistinguishable from the sepsis syndrome. 

The plasma levels of TNF-cr in our study were consistent with previous findings [9. 13. 32] . Four of our patients did 
have levels greater than 1000 pg/mL; and, although they were critically ill in the intensive care unit, two of them 
survived. Similarly, six patients died of septic shock yet had nondetectable levels of TNF. Thus, based on our work 
and previous reports, TNF-a, by itself, does not appear to be a good marker or predictor of mortality. However, 
this does not minimize the potential role of TNF-a in patients with sepsis. 

In a clinical setting, except in cases of meningitis, the abrupt onset of fulminant gram-negative sepsis in a 
previously normal patient is uncommon. Although we made every attempt to identify septic patients as early as 
possible during their clinical course, it is, nevertheless, possible that the time at which blood samples were 
obtained may not have coincided with the time of peak circulating TNF-a levels. Plasma levels of TNF-a depend 
on the net balance between its production and disappearance. 

Many factors influence the disappearance of circulating TNF: receptor-binding, metabolism, degradation, and 
neutralization by inhibitors. Mathison and colleagues 18] failed to find a change in the half-life of circulating TNF-a 
during endotoxic shock. Some studies have shown rapid decreases in circulating levels of TNF-a, primarily in 
patients with fulminant sepsis secondary to meningitis [13. 19] . Other studies, however, found plasma levels to be 
very stable over time, even if the levels were persistently elevated [35. 36) . It is not clear if patients with 
persistently elevated TNF-a levels have increased production, decreased clearance, or both, or if the circulating 
cytokine is biologically active. Because TNF-a is degraded rapidly, assays that detect biologically inactive 
fragments may overestimate the level of circulating TNF-a. Finally, the presence of circulating inhibitors, such as 
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the TNFna soluble receptor or ag-macroglobulin. could potentially interfere with TNF assays. 

The infusion of IL-1 (I produces hypotension in rabbits [IS]. After an intravenous infusion of lipopolysaccharide 
into humans, the plasma IL-1 B level increased but only to a maximum of 70 pg/mL 1161. In children with severe 
infectious purpura 1321 and in adults with severe meningococcal meningitis [191, plasma IL-1 (I levels were 
elevated and correlated with the severity of sepsis. In our study, only 14% of the patients had detectable levels of 
IL-1 (I. However, we found a correlation between detectable levels and mortality. We also found IL-1 (1 levels to be 
elevated in patients with gram-positive sepsis, although they did not differ from those in patients with gram- 
negative sepsis. The administration of IL-1 -receptor antagonist improved survival in animal models of sepsis [18, 
38] and appeared to be promising in the initial clinical trial. The multicenter trial of IL-1 -receptor antagonist in 
septic patients has recently been completed. Our data, in conjunction with previous findings, suggest that IL-1 
may be an important marker or mediator of severe sepsis. 

Several studies found IL-6 levels to be elevated in patients with sepsis, and the magnitude of the elevation 
con-elated with mortality f19. 201 . Our data, collected in a larger sample of patients with the sepsis syndrome, 
confirms this observation. "Normal" levels of IL-6 are undetectable with cun-ently available assays. In our normal 
controls, the mean IL-6 level was elevated because one of them had an IL-6 level of more than 2000 pg/mL. This 
person was not receiving medications and was in apparently good health. Subsequently, we assayed IL-6 levels 
in 20 additional normal controls, and IL-6 was nondetectable in all 20. 

The most recent study of endotoxemia in patients with septic shock was by Danner and colleagues 1391.. They 
studied 100 patients with septic shock and measured endotoxin levels using a chromogenic Limulus amebocyte 
lysate assay. The mean peak endotoxin concentration in their study was 4.4 ± 1.2 EU/mL. They found circulating 
endotoxin in 8 of 14 patients with gram-positive bacteremia. 

Using the same assay system, we found that our patients had a mean plasma lipopolysaccharide level of 4.0 ± 
0.8 EU/mL. Some patients with gram-positive bacteremia had detectable levels of lipopolysaccharide, and the 
critically ill patients in the medical intensive care unit had elevated levels of lipopolysaccharide. While these latter 
patients did not meet the criteria for the sepsis syndrome, they may have had a gram-negative infection. Both the 
patients with gram-positive sepsis and those in the medical intensive care unit were critically ill; all had either 
hypotension or shock. 

An alternative explanation for the presence of endotoxemia in these patients could be gut translocation of 
endotoxin or bacteria 1401. Gram-positive products react with the Limulus assay only when they are in very high 
concentrations [391, and this assay, as used by Natanson and colleagues [411, failed to detect circulating levels of 
lipopolysaccharide in dogs with severe gram-positive sepsis. Our study, like others, failed to find a relation 
between the amount of circulating lipopolysaccharide and mortality. 

Lipopolysaccharide was the original stimulus used to induce TNF-a production. However, it is now recognized that 
heat-killed staphylococci, toxic shock syndrome toxin, lipoteichoic acid, viruses, fungi, and parasites are all 
capable of stimulating TNF-a production. Also, nonmicrobially derived products such as C5a can induce TNF-or 
synthesis by macrophages [371. 

In our study, we found that patients with gram-positive sepsis had detectable levels of TNF-a, IL-1 , and IL-6. This 
is the first clinical study to compare cytokine levels in patients who have gram-positive bacteremia with levels in 
those who have gram-negative bacteremia. Patients with gram-positive bacteremia had a higher mortality rate 
than did those with gram-negative bacteremia. Based on our data, we cannot determine whether the increased 
mortality rate was the result of higher levels of IL-1 or IL-6, or if levels were higher because the patients were 
more critically ill. Nevertheless, it is clear that gram-positive sepsis, like gram-negative sepsis, is associated with 
elevated levels of circulating cytokines. 

Our study is the first to measure simultaneous levels of lipopolysaccharide. TNF-a. IL-1 (I. and IL-6 in patients 
with the sepsis syndrome. Simultaneous assessment allowed us to determine whether interactions occurred 
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between lipopolysaccharide and cytokines. Recent studies support the concept of synergistic interactions between 
lipopolysaccharide and cytokines. Okusawa and colleagues 1151 found that TNF-or and IL-1 li, when given in 
doses that individually produced no hemodynamic changes, were able to induce hypotension and severe lung 
injury when given together. Similarly, when lipopolysaccharide was combined with TNF-or in doses that were 
tolerated individually, they caused lethal shock in mice {421. In the same study, these two agents were shown to 
cause hemorrhagic necrosis of the skin when given together subcutaneously; necrosis was not seen when they 
were injected separately. Other examples of synergy among lipopolysaccharide, TNF-or. and IL-1 li include 
protection from fatal hyperoxia [43] and the stimulation of fibroblast prostaglandin production 1441. In our study, 
the variable that best correlated with mortality was the lipopolysaccharide-cytokine score. These data suggest that 
combinations of lipopolysaccharide and cytokines, even at low levels, are as much of a risk factor as are large 
increases in the levels of any one factor. Our data also show the importance of "profiling" cytokines rather than 
monitoring the level of only a single type. However, our data suggest that the IL-6 level should be chosen for such 
single-level monitoring because it had the best correlation with mortality. The ability of the lipopolysaccharide- 
cytokine score or of the IL-6 level to predict mortality still requires confirmation. 

In summary, we found that plasma lipopolysaccharide, TNF-a, IL-1 li, and IL-6 are elevated in patients with the 
sepsis syndrome as compared with critically ill patients in the intensive care unit or normal controls. The elevated 
levels of these mediators in patients with the sepsis syndrome occun^ed independent of the presence or absence 
of culture-documented infection. Both gram-positive and gram-negative infections cause elevated circulating 
levels of TNF-a, IL-1 (i, and IL-6. Although the IL-6 level correlated with mortality, the lipopolysaccharide-cytokine 
score had the best correlation with mortality. These data provide important information about lipopolysaccharide 
and cytokine levels in patients with the sepsis syndrome when they are first identified and support future clinical 
trials aimed at determining whether cytokine inhibition may be an alternative strategy for treating patients with 
sepsis. 



Abbreviations 

IL-1 II: interleukin-1(i 

IL-6: interleukin-6 

TNF-a: tumor necrosis factor-a 



Author and Article Information 

From Rush-Presbyterian-St. Luke's Medical Center, Chicago, Illinois. 
Requests for Reprints: Larry C. Casey. MD. PhD, Rush-Presbyterian-St. Luke's 
Medical Center, Department of Pulmonary and Critical Care Medicine. 1725 West 
Harrison Street. Suite 306, Chicago, IL 60612. 



References 

1 Centers for Disease Control. Increase in National Hospital Discharge Survey rates 
for septicemia— United States, 1979-1987. MMWR. 1990; 39:31-4. 

2. Bone RC, Fisher CJ Jr, Clemmer TP, Slotman GJ, Metz OA, Balk RA. A 

controlled clinical trial of high-dose methylprednisolone in the treatment of severe 
sepsis and septic shock. N Engl J Med. 1987; 317:653-8. 



Top 

Methods 

Results 

Discussion 

Author & Article Info 

References 



^ Top 

▲ Methods 

jk. Results 

^ Discussion 

A Author & Article Info 

- References 



http://vmw.annals.Org/cgi/content/full/119/8/771 



9/26/2006 



Plasma Cytokine and Endotoxin Levels Correlate with Survival in Patients with the Se... Page 1 1 of 27 



3. Effect of high-dose glucocorticoid therapy on mortality in patients with clinical signs of systemic sepsis. The 
Veterans Administration Systemic Sepsis Cooperative Study Group. N Engl J Med. 1987; 317:659-65. 

4. Morrison DC, Ulevitch RJ. The effects of bacterial endotoxins on host mediation systems. Am J Pathol. 1978; 
93:526-617. 

5. Ziegler EJ, Fisher CJ Jr, Sprung CL, Straube RC, Sadoff JC, Fouike GE, et al. Treatment of gram-negative 
bacteremia and septic shocl< with HA-1A human monoclonal antibody against endotoxin. N Engl J Med. 1991; 
324:429-436. 

6. Greenman RL, Schein RM, IVIartin MA, Wenzel RP, Maclntyre NR, Emmanuel G, et al. A controlled clinical 
trial of E5 murine monoclonal IgM antibody to endotoxin in the treatment of Gram-negative sepsis. JAIVIA. 1991; 
266:1097-102. 

7. Beutler B, Cerami A. Cachectin: more than a tumor necrosis factor. N Engl J Med. 1987; 316:379-85. 

8. Mathison JC, Wolfson E, Ulevitch RJ. Participation of tumor necrosis factor in mediation of gram negative 
bacterial lipopolysaccharide-induced injury in rabbits. J Clin Invest. 1988; 81:1925-37. 

9. Michie HR, Manogue KR, Spriggs DR, Revhaug A, O'Dwyer S, Dinarello CA, et al. Detection of circulating 
tumor necrosis factor after endotoxin administration. N Engl J Med. 1988; 318:1481-6. 

10. Tracey KJ, Beutler N, Lowry SF, Merryweather J, Wolpe S, Milsark IW, et al. Shock and tissue injury 
induced by recombinant human cachectin. Science. 1986; 234:470-4. 

11. Beutler B, Milsark IW, Cerami AC. Passive immunization against cachectin/tumor necrosis factor protects 
mice from the lethal effect of endotoxin. Science. 1985; 229:869-71 . 

12. Tracey KJ, Feng Y, Hesse DG, Manogue KR, Lee AT, Kuo GC, et al. Anti-cachectin/TNF monoclonal 
antibodies prevent septic shock during lethal bacteraemia. Nature. 1987; 330:662-4. 

13. Waage A, Halstensen A, Espevik T. Association between tumor necrosis factor in serum and fatal outcome 
in patients with meningococcal disease. Lancet. 1987; 1:355-7. 

14. Dinarello CA. lnterleukin-1 and its biologically related cytokines. Adv Immunol. 1989; 44:153-205. 

15. Okusawa S, Gelfand JA, Ikejima T, Connolly RJ, Dinarello CA. Interleukin 1 induces a shock-like state in 
rabbits. Synergism with tumor necrosis factor and the effect of cyclooxygenase inhibition. J Clin Invest. 1988; 
81:1162-72. 

16. Cannon JG, Tompkins RG, Gelfand JA, Michie HR, Stanford GS, van der Meer JW, et al. Circulating 
interleukin-1 and tumor necrosis factor in septic shock and experimental endotoxin fever. J Infect Dis. 1990; 
161:79-84. 

17. Luger A, Graf H, Schwartz HP, Stummvoll HK, LugerTA. Decreased serum interleukin 1 activity and 
monocyte interleukin 1 production in patients with fatal sepsis. Crit Care Med. 1986; 14:458-61. 

18. Wakabayashi G, Gelfand JA, Burke JF, Thompson RC, Dinarello CA. A specific receptor antagonist for 
interleukin-1 prevents Escherichia coff-induced shock in rabbits. FASEB J. 1991; 5:338-43. 

19. Waage A, Brandtzaeg P, Halstensen A, Kierulf P. Espevik T. The complex pattern of cytokines in serum 
from patients with meningococcal septic shock. J Exp Med. 1989; 169:333-8. 

20. Hack CE, De Groot ER, Felt-Bersma RJ, Nuijens JH, Strack Van Schijndel RJ, Eerenberg-Belmer AJ, et 

al. Increased plasma levels of interleukin-6 in sepsis. Blood. 1989; 74:1704-10. 



http://vvww.annals.org/cgiycontent/full/ 1 1 9/8/77 1 



9/26/2006 



Plajsm^a Cytokine and Endotoxin Levels Correlate with Survival in Patients with the Se... Page 12 of 27 



21. Preiser JC, Schmartz D, Van der Linden P, Content J, Vanden Bussche P, Buurman W, et al. Interleukin- 
6 administration fias no acute fiemodynamic or liematologic effect in tlie dog. Cytokine. 1991; 3:1-4. 

22. Bone RC, Fisher CJ Jr, Clemmer TP, Slotman GJ, Metz CA, Balk RA, et al. Sepsis syndrome: a valid 
clinical entity. Crit Care Med. 1989; 17:389-93. 

23. Roth Rl, Levin FC, Levin J. Optimization of detection of bacterial endotoxin in plasma with the Limulus test. J 
Lab Clin IVIed. 1990; 116:153-61. 

24. Davidson M, Tempest B, Palmer DL. Bacteriologic diagnosis of acute pneumonia. Comparison of sputum, 
transtracheal aspirates, and lung aspirates. JAMA. 1976; 235:158-63. 

25. Michle HR, Spriggs DR, Manogue KR, Sherman ML, Revhaug A, O'Dwyer ST, et al. Tumor necrosis 
factor and endotoxin induce similar metabolic responses in human beings. Surgery. 1988; 104: 280-6. 

26. Marano MA, Moldawer LL, Fong Y, Wei H, Mine! J, Yurt R, et al. Cachectin/TNF production in experimental 
bums and Pseudomonas infection. Arch Surg. 1988; 123:1383-8. 

27. Ayala A, Wang P, Perrin MM, Ertel W, Chaudry IH. Differential alterations in plasma IL-6 and TNF levels 
after trauma and hemonrhage. Am J Physiol. 1991; 260:R1 67-71. 

28. Guice KS, Oldham KT, Caty MG, Johnson KJ, Ward PA. Neutrophil-dependent, oxygen-radical mediated 
lung injury associated with acute pancreatitis. Ann Surg. 1989; 210:740-7. 

29. Maury CP, Teppo AM. Raised serum levels of cachectin/tumor necrosis factor-a in renal allograft rejection. J 
Exp Med. 1987;166:1132-7. 

30. Abramowicz D, Schandene L, Goldman M, Cruslaux A, Vereerstraeten P, De Pauw L, et al. Release of 
tumor necrosis factor, interleukin-2 and T-interferon in serum after injection of OKT3 monoclonal antibody in 
kidney transplant recipients. Transplantation. 1989; 47:606-8. 

31. Maury CP, Teppo AM. Tumor necrosis factor in the serum of patients with systemic lupus erythematosus. 
Arthritis Rheum. 1989; 32:146-50. 

32. Girardin E, Grau GE, Dayer JM, Roux-Lombard P, Lambert PH. Tumor necrosis factor and interleukin-1 in 
the seaim of children with severe infectious purpura. N Engl J Med. 1988; 319:397-400. 

33. Levine B, Kalman J, Mayer L, Fillit HM, Packer M. Elevated circulating levels of tumor necrosis factor in 
severe chronic heart failure. N Engl J Med. 1990; 323:236-41 . 

34. Beutler BA, Milsark IW, Cerami A. Cachectin/tumor necrosis factor: production, distribution, and metabolic 
fate in vivo. J Immunol. 1985; 135:3972-7. 

35. Offner F, Philippe J, Vogelaers D, Colardyn F, Baele G, Baudrihaye M, et al. Semm tumor necrosis factor 
levels in patients with infectious disease and septic shock. J Lab Clin Med. 1990; 1 16:100-5. 

36. Damas P, Reuter A, Gysen P, Demonty J, Lamy M, Franchimont F. Tumor necrosis factor and interleukin- 
1 serum levels during severe sepsis in humans. Crit Care Med. 1989; 17:975-8. 

37. Okusawa S, Yancy KB, van ser Meer JW, Endres S, Lonnemann G, Hefter K, et al. C5a stimulates 
secretion of tumor necrosis factor from human mononuclear cells in vitro. Comparison with secretion of interleukin 
1 ft and interleukin 1. J Exp Med. 1988; 168:443-8. 

38. Ohisson K, Bjork P, Bergenfeldt M, Hageman R, Thompson RC. Interleukin-1 receptor antagonist reduces 
mortality from endotoxin shock. Nature. 1990; 348:550-2. 



http://www.annals.0rg/cgi/content/full/l 19/8/77 1 



9/26/2006 



Plasnva Cytokine and Endotoxin Levels Correlate with Survival in Patients with the Se... Page 13 of 27 



39. Danner RL, Elin RJ, HosseinI JM, Wesley RA, Reilly JM, Parrlllo JE. Endotoxemia in human septic shocl<. 
Chest. 1991;99:169-75. 

40. Deitch EA, Berg R, Specian R. Endotoxin promotes the translocation of bacteria from the gut. Arch Surg. 
1987; 122:185-90. 

41. Natanson C, Danner RL, Elin RJ, Hosseini JM, Peart KW, Banks SM, et al. The role of endotoxemia in 
cardiovascular dysfunction and mortality: Escherichia cod and Staphylococcus aureus challenges in a canine 
model of human septic shock. J Clin Invest. 1989; 83:243-51. 

42. Rothstein JL, Schreiber H. Synergy between tumor necrosis factor and bacterial products causes 
hemorrhagic necrosis and lethal shock in normal mice. Proc Natl Acad Sci. 1988; 85:607-11. 

43. White CW, Ghezzi P, Dinarello OA. Recombinant tumor necrosis factor/cachectin and interieukin 1 
pretreatment decreases lung oxidized glutathione accumulation, lung injury, and mortality in rats exposed to 
hyperoxia. J Clin Invest. 1987; 79:868-73. 

44. Ellas JA, Gustilo K, Baeder W, Freundlich B. Synergistic stimulation of fibroblast prostaglandin by 
recombinant interieukin 1 and tumor necrosis factor. J Immunol. 1987; 138:3812-6. 

Related articles in Annals: 



Editorials 

Cytokine Measurements in Septic Siiocl< 

Charles A. Dinarello and Joseph G. Cannon 
Annals 1993 119: 853-854. (in ) [Full Text] 



This article has been cited by other articles: 




ainical Chemistry 



^HOME 

K. Kofoed, U. V. Schneider, T. Scheel, O. Andersen, and J. Eugen-Olsen 
Development and Validation of a Multiplex Add-On Assay for 
Sepsis Blomarkers Using xMAP Technology 

Clin. Chem., July 1, 2006; 52(7): 1284 - 1293. 
[Abstractl [Full Text! TPOFI 




lournal of die American Society of Nephrology 



»>H0HE 



C. R. Parikh, E. Abraham, M. Ancukiewicz, C. L. Edelstein, and for the 
Acute Respiratory Distress Syndrome (ARDS) 

Urine IL-18 Is an Early Diagnostic Marker for Acute Kidney Injury 
and Predicts Mortality in the Intensive Care Unit 

J. Am. Soc. Nephrol., October 1, 2005; 16(10): 3046 - 3052. 
fAbstractl [Full Textl [POFl 



The Journal of Bone & Joint Surgery [Am] 

p. E. Di Cesare, E. Chang, C. F. Preston, and C.-j. Liu 

Serum Interleukin-6 as a Marker of Periprosthetic Infection 

Following Total Hip and Knee Arthroplasty 



http://www.annals.Org/cgi/content/full/119/8/771 



9/26/2006 



